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5 TRANSCEIV^MTTH CLOSED LOOP CONTROL OF ANTEN NA TUNING AND 

POWER LEVEL 

BACKGROUND OF THE INVENTION 
Trainable transceivers for use with electrically operated garage door mechanisms are an 
10 increasingly popular home convenience. Such transceivers are typically permanently located in 
a vehicle and are powered by a vehicle's battery. These trainable transceivers are capable of 
learning the radio frequency, modulation scheme, and data code of an existing portable remote 
RF transmitter associated with an existing receiving unit located in the vehicle owner's garage. 
Thus, when a vehicle owner purchases a new car having such a trainable transceiver, the vehicle 
1 5 owner may train the traiKceiver to the vehicle owner's existing cUp-on remote RF transmitter 
without requiring any new installation in the vehicle or home. Subsequently, the old clip-on 
transmitter can be discarded or stored. 

If a different home is purchased or an existing garage door opener is replaced, the 
trainable transceiver may be retrained to match the frequency and code of any new garage 
20 door opener receiver that is built into the garage door opening system or one which is 
subsequently installed. The trainable fransceiver can be frained to any remote RF transmitter 
of the type utilized to actuate garage door opening mechanisms or other remotely controlled 
devices such as house Ughts, access gates, and the like. It does so by learning not only the 
code and code format (i.e., modulation scheme), but also the particular RF carrier frequency 
25 of the signal transmitted by any such remote transmitter. After being trained, the trainable 
transceiver actuates the garage door opening mechanism without the need for the existing 
separate remote transmitter. Such a trainable transceiver is disclosed in U.S. Patent Number 
5,442,340 which is hereby incorporated by reference. 

Trainable transceivers may have several problems including: an antenna that is not 
30 tuned at all frequencies, where the transmission range will vary as a fimction of frequency; 
and transmission power fluctuations created by various environmental conditions and circuit 
component manufacturing inconsistencies. Trainable transceivers are limited by the 
amount of space they may occupy in a vehicle cabin, leading to small antenna types and 
sizes, such as a loop antenna used in the present invention. In order to effectively use a small 
35 loop antenna it must be very high Q and tuned exactly to the operating frequency. High Q 
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can be understood as high efficiency and very narrow bandwidth. The higher the Q, the 
higher the output field strength will be. However due to the narrow bandwidth limitations of 
the present invention, slight mistuning can result in significant power reduction. 

Trainable transceivers may also vary their power output, as a function of their duty 
cycle or on-time and with respect to other various environmental variables. It is possible to 
increase transmission output power and thus transmitter range under certain FCC regulations. 
The FCC regulations limit the transmission power of a such a transceiver with respect to 
their duty cycle. The higher the duty cycle, the less power that may be transmitted, as the 
transmission power level the FCC regulates is averaged over time. Thus, for a transmitter 
having a low duty cycle the transmission strength may be greater than that of a transmittCT 
having a higher duty cycle. 

A further problem present in prior transmitters is the variabihty of transmission range 
due to component manufacturing inconsistencies and environmental variables. The 
transmission range of a transceiver may be affected by temperature. For example, in cold 
temperatures the power output of a transmitter will be less than that at a warmer temperature. 
A transmitter should ensure consistent transmission range under all environmental 
conditions. 

SUMMARY OF TH E INVENTION 

According to one aspect of the present invention, a trainable transceiver is provided 
that efficiently transmits and receives RF signals at various frequencies. Another aspect of 
the present invention is to provide a trainable transceiver capable of dynamically tuning an 
antenna for maximum efficiency at all firequencies of use. A further aspect of the present 
invention is to detect the RF voltage or power level of the transmission on the antenna and 
adjust it with reference to on-time characteristics or other variables. To achieve these and 
other advantages, and in accordance with the purpose of the invention as embodied and 
described herein, the trainable transceiver of the present invention includes a dynamically 
tunable antenna, a controller, a power level sense or detector circuit, and a signal generator. 

In operation, the transceiver of the present invention receives and records an 
activation signal from an existing remote transmitter and transmits the previously encoded 
modulated radio frequency carrier signal provided by the signal generator. The controller is 
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coupled to antennas and has two modes of operation: a learning mode and an operating mode. 
In the learning mode, the controller receives the activation signal from the receiving antenna 
for storing data corresponding to the radio frequency, modulation scheme, and code of the 
activation signal. In the operating mode, the controller provides output data, which identifies 
5 the radio frequency and code of the received activation signal. Additionally, the controller 
ftirther provides an antenna control signal electrically coupled to the control input of the 
dynamically timable antenna in order to selectively control the resonance frequency of the 
dynamically tunable antenna to maximize the transmission efficiency of the antemia. The 
signal generator is coupled to tiie controller and the dynamically tunable antenna and is used 

CIO for transmitting an encoded modulated radio frequency carrier signal, which corresponds to 

C? ■ 

P the received activation signal, from the receiving antenna. 

^' Another aspect of the present invention is the abihty to vary the transmit power of the 

transceiver by varying its RF voltage or output power with reference to the duty cycle of the 
transmission. The present invention maximizes the transmission range for the transceiver 
15 which is dependent on the accuracy of tune on an integral tunable antenna and tiie control of 
f- the transmit power level. United States Patent Number 5,699,054 discloses such an antenna 
P * and is incorporated by reference herein. 

r As discussed previously, the tr^isceiver of the present invention is packaged into a 

small compartment and uses a small loop antenna. However, due to the narrow bandwidth 

20 Umitations of the present invention, sUght mistuning of a loop antenna can result in 
significant power reduction. To reduce mistuning effects on the transceiver of the present 
invention, a feedback circuit provides amplitude tuning information to an onboard 
microprocessor. The feedback circuit consists of a Schottky detector diode and bias 
components and, as previously discussed, is referred to as the power level sense or detector 

25 circuitry. The detector circuitry provides a DC voltage proportional to the RF voltage on the 
antenna. As the antenna is tuned toward resonance, the detector output voltage rises until 
resonance is reached and then begins to drop again past resonance. The microprocessor is 
programmed with algorithms that will tune the antenna exactly to peak resonance and 
optimum power levels. Additionally, the same detector output is used to evaluate and adjust 

30 the output power level of the antenna and the microprocessor is programmed with algorithms 
that will tune the antenna to its maximum allowable output power. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a fragmentary perspective view of a vehicle interior having an overhead 
console for housing the trainable transceiver, according to the preferred embodiment of the 

present invention; 

FIG. 2 is a perspective view of a trainable transceiver, according to the preferred 
embodiment of the present invention; 

FIG. 3 is a perspective view of a visor incorporating the trainable transceiver, according 
to the preferred embodiment of the pr^ent invention; 

FIG. 4 is a perspective view of a mirror assembly incorporating the trainable 
transceiver, according to the preferred embodiment of the present invention; 

FIG. 5 is an electrical circuit diagram in schematic form of the transceiver circuitry, 
according to the preferred embodiment of the present invention; 

FIG. 6 is a flow diagram of the antenna tuning and power level adjustment at train time 
algorithm, according to the preferred embodiment of the present invention; 

FIG. 7 is a flow diagram for the coarse tuning algorithm, according to the preferred 
embodiment of the present invention; 

FIG. 8 is a flow diagram for the fine antenna tuning algorithm, according to the 
preferred embodiment of the present invention; 

FIG. 9 is a flow diagram for the transmit power level control algorithm, according to the 
preferred embodiment of the present invention; and 

FIGS 10-11 are graphs illustrating the power feedback with reference to the antenna 
boost voltage of the electrical circuitry, according to the preferred embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The following description of the present invention is merely exemplary in nature and is 
in no way intended to limit the invention or its uses. Moreover, the following description, 
while depicting a tunable transceiver designed to operate with a garage door mechanism, is 
intended to adequately teach one skilled in the art to make and use the tunable transceiver with 
any similar type RF transmission and receiving applications. 
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FIGS. 1 and 2 show a trainable transceiver 10 of the present invention. Trainable 
transceiver 10 includes three pushbutton switches 12, 14, and 16, a light emitting diode 
(LED) 18, and an electrical circuit board and associated circuits that may be mounted in a 
housing 20. As explained in greater detail below, the switches 12, 14, and 16 may each be 
5 associated with a sq)arate garage door or other device to be controlled. The trainable 
transceiver housing 20 is preferably of appropriate dimensions for mounting within a vehicle 
accessory such as an overhead console 22 as shown in FIG. 1 . In the configuration shown in 
FIG. 1, the trainable transceiver 10 includes electrical conductors coupled to the vehicle's 
electrical system for receiving power fi-om the vehicle's battery. The overhead console 22 

XO includes other accessories such as map reading lamps 24 controlled by switches 26. It may 
also include an electronic compass and display (not shown). 

The trainable transceiver 10 may altematively be permanently incorporated in a 
vehicle accessory such as a visor 28 (FIG. 3) or a rearview mirror assembly 30 (FIG. 4). 
Although the trainable transceiver 10 has been shown as incorporated in a visor and mirror 

15 assembly and removably located in an overhead console compartment, the trainable 
transceiver 10 could be permanently or removably located in the vehicle's instrument panel or 
any other suitable location within the vehicle's interior. 

FIG. 5 shows the electrical circuitry of the trainable transceiver 10 in schematic form. 
The electrical circuit schematic may be separated into seven primary components: power 

20 circuitry 32; user interface circuitry 34; a controller/microprocessor 36 and its associated 
circuitry which is used to execute the training, coarse tuning, fine tuning, and power level 
control software routines to be described later; a transceiver applications specific integrated 
circuit (ASIC) 38 and its associated circuitry; a voltage controlled oscillator (VCO) 40; antenna 
tuning circuitry 42; a plurality of antennas 44; and power level sense or detector circuitry 46. 

25 The power supply circuitry 32 is conventionally coupled to the vehicle's battery (not 

shown) through a connector and is coupled to the various components of the present 
invention and is used for supplying the necessary operating power to the trainable transceiver 
10. 

The user interface circuitry 34 includes the switches 12, 14, and 16 that are 
30 electrically coupled to the data input terminals 48 of the microprocessor 36 through switch 
interface circuitry 50, including filtering capacitors and sinking transistors. The switches 12, 

5 
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14, and 16 as programmed by the user may each correspond to a different device to be 
controlled such as different garage doors, electrically operated access gates, house lighting 
controls or the like, each of which may have their own unique operating RF frequency 
modulation scheme, and/or security code. Thus, the switches 12, 14, and 16 correspond to 
5 different radio frequency channels that are generated by the trainable transceiver 10. Once 
the RF channel associated with one of the switches 12 ,14, and 16 has been trained to an RF 
activation signal transmitted from a portable, remote original transmitter (not shown) 
associated with a device such as a garage door opener (not shown), the transceiver 10 will 
then fransmit an RF signal having the identified characteristics of the RF activation signal, 
r 10 Each RF channel may be trained to a different RF signal such that a plurality of devices in 
O addition to a garage door opener may be activated by depressing one of the corresponding 
Pj switches 12, 14, and 16. Such other devices may include additional garage door openers, a 
i; building's interior or exterior lights, a home security system, or any other device capable of 

receiving an RF control signal. 
' 15 The microprocessor 36 is further connected to the LED 18 by an output terminal 

* ■ which is illuminated when one of the switches 12, 14, and 16 is closed. The microprocessor 
f;| 36 is programmed to provide signals to the LED 18. The LED 18 will be controlled by the 
' ' microprocessor 36 to slowly flash when the circuit enters a training mode for one of the RF 
channels associated with the switches 12, 14, and 16. The LED 18 will r^idly flash when a 
20 chamel is successfully trained, and will slowly flash with a distinctive double blink to 
prompt the operator to reactuate the transceiver 10. The LED 18 may be a multi-color LED 
that changes color to indicate when a channel is successfully trained or to prompt the 
operator to reactuate the remote transmitter. Once trainable transceiver 10 is trained, the 
LED 18 lights continuously when one of the switches 12, 14, and 16 is depressed to indicate 
25 to the user that the transceiver 10 is transmitting a signal. 

The plurality of antennas 44 includes a receiving antemia 52 and a transmission 
antenna 54. The receiving antenna 52 which receives a signal from a remote original 
transmitter (not shown) is coupled to a mixer 55 and a filter 56, which process the received 
signal. The processed signal is applied to a series of cascaded differential IF amplifiers 57 
30 coupled to a summing amplifier 58 to evaluate the fransmission sfrength of the signal firom 
the original fransmitter. The ou^ut of the summing amplifier 58 is applied to a comparator 
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59 whose reference voltage is provided by the AGC output 92 of the microprocessor 36 via 
an D/A converter 94 (the AGC output 92 doubles as the reference voltage for the comparator 
59 and the control signal to the AGC amplifier 108, as discussed below). If the input of the 
comparator 59 is greater than the AGC output 92 of the microprocessor 36, the comparator 
5 59 will output a logical one signal. This logical one signal indicates to the microprocessor 36 
that the power level of the original transmitter is acceptable to attanpt to train the transceiver 
10. 

The transmission antenna 54 is preferably a d>mamically tunable loop antenna 
coupled indirectly via a choke 62 to a reference vohage level and coupled to varactor diodes 
felO 64a and 64b. The varactor diodes 64 change the impedance characteristics of the 
transmission antenna 54 in response to a control voltage applied to the cathode of the 
varactor diodes 64. The control voltage is determined by the microprocessor 36 which 
provides a pulse width modulated (PWM) signal from PWM output 66 to the antenna tuning 
circuitry 42 which converts the PWM signal to a control voltage. By using an antenna that is 
15 dynamically tuned, one may program the microprocessor 36 to selectively adjust the 
Z resonance frequency of the transmission antenna 54 to maximize its transmission 
- characteristics for each particular frequency at which an RF signal is transmitted. 

Thus, the transmission antenna 54 may be dynamically tuned to maximize the 
efficiency at which it radiates a transmitted elecfromagnetic RF signal. In addition, when the 
20 transmission antenna 54 is dynamically tuned to a resonance frequency corresponding to the 
carrier frequency of the transmitted signal, the transmission antenna 54 can remove unwanted 
harmonics from the signal. 

Coupled to the transmission antenna 54 for transmitting a learned RF control signal is 
the transceiver ASIC 38 and the VCO 40. The VCO has a control input terminal 68 coupled 
25 to an output terminal 70 of the microprocessor 36 for controlling the frequency ou^ut of the 
VCO 40. The VCO 40 also includes an oscillator block 72 which outputs a sinusoidal signal 
and an LC resonator 74. 

The LC resonator 74 includes coupling capacitors 76a and 76b, inductors 78a and 
78b, and varactor diodes 80a and 80b. The coupling capacitor 76a has one terminal 
30 connected to the oscillator 72 and the other terminal coupled to the inductor 78a and the 
anode of the varactor diode 80a. The coupling capacitor 76b has one terminal connected to 
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72 and the other terminal coupled to both the inductor 78b and the anode of the 
80b. The inductors 78 and varactor diodes 80 form a resonating LC circuit 
v ariable resonant frequency that is changed by varying the voltage to the cathodes 
•ctor diodes 80. This voltage is varied through the control input terminal 68 and a 
from the output terminal 70 of the microprocessor 36. The microprocessor 36 
voltage applied to control input terminal 68. 
feedback loop may be incorporated into the control of the VCO 40 where tiie 
frequency is monitored by the microprocessor 36 which adjusts the voltage at the 
terminal 68 to generate the desired oscillation frequency (frequency synthesizer 
The feedback is provided by a prescaler 86 coupled to an input 88 on the 
36 which measures the frequency of the VCO 40 output signal, 
power level sense or detector circuitry 46 of the transceiver 10 provides 
and ampUtude tuning feedback for the transmission antemia 54. The detector 46 
a Schottky diode 96 and bias components, including a capacitor 98, frinctioning as 
filter or D.C. block, a resistor 100 tied to a voltage source (VCC), a resistor 102, 
1 04, and a capacitor 106, functioning as a low pass filter. This detector circuitry 46 
DC voltage proportional to the RF voltage or power level on the transmission 
As the transmission antenna 54 is tuned toward resonance, the RF voltages on 
rise, likewise the detector circuitry 46 DC output voltage rises until resonance is 
then begins to drop again past resonance. The microprocessor 36 is programmed 
described below which tune the transmission antenna 54 via the varactor 
exactly to the peak resonance. It will be appreciated that the detector circuitry 46 
used to secure phase shift of the detected signal. 

methods of tuning the transmission antenna 54 are use: (1) coarse tuning and (2) 
the fly" tuning. Both types of tuning are performed each time one of the switches 
16 is actuated. Coarse tuning is performed prior to any modulation by sweeping 
diodes 64 across resonance. While sweeping the transmission antenna 54 
64 voltages, the detector circuitry 46 output DC voltage is monitored. When 
circuitry 46 output reaches a peak, the microprocessor 36 instantaneously 
iod records the transmission antenna 54 tuning voltage. Then, through software, 
antenna 54 tune point is ascertained. Once coarse timing is complete the 
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transceiver 10 will begin to transmit. As the transcaver 10 begins modulating, the fine 
tuning algorithm will operate sunilar to the coarse tuning algorithm. The fine tuning 
algorithm will step the varactor diodes 64, and ascertain the correct tuning voltage. Limits 
are in place to allow only a small amount of adjustment in the fine tuning mode. 
5 A further important factor to control in the transceiver 10 of the present invention is 

the output power level control. The VCO 40 provides the signal input to an automatic gain 
control (AGC) amplifier 108 coupled to an output ampUfier 110 (both located in the 
transceiver ASIC 38) which provide the excitation for the transmission antenna 54 and thus 
the power level of the transmitted signal. The AGC amplifier's 108 gain is controlled by an 

10 analog voltage supplied by the microprocessor 36 fi-om output 92 via a pulse width 
modulated digital to analog converter 94. Because FCC regulations allow different power 
levels base upon the duty cycle of a transmitted signal, it is advantageous for the trainable 
I transceiver to be capable of dynamically adjusting the gain of the transmitted signal. The 
output level of the transceiver 10 is linked to the on-time of the original hransmitter. The 

15 shorter the on-time of the original transmitter, the more output power allowed by the FCC. 
By providing the AGC amplifier 108, the transceiver 10 can ti'ansmit at the maximum 
allowable power for each frequency and duty factor. 
I There are many other problematic factors which may affect the performance of the 

transceiver 10 power level and may be eliminated by varying the power level of the 

20 transmission. These factors include: (1) manufacturing consistency and quality of circuit 
components; (2) environmental variables; and (3) other external loss variations. Not every 
integrated circuit (IC) is exactly the same as another, even though they may share the same 
model number. Performance changes over a three year manufactvuing cycle for an IC can by 
significant. Temperature will vary the performance of an IC, as no IC is devoid of some 

25 dependency on the temperature at which it is running and temperature may affect the output 
current of the amplifiers in the IC. External loss variation over process and temperature will 
vary the load the amplifiers will be driving. 

The detector circuitry 46 voltage may be incorporated as transmission power 
feedback to significantly reduce transmission power process errors. As described above with 

30 reference to the tuning of the transmission antenna 54, the detector circuitry 46 outputs a DC 
voltage that is directly proportional to the RF voltage or power level on the transmission 
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antenna 54. The RF voltage on the transmission antenna 54 is directly proportional to the 
radiated field strength of the transmission antenna. Accordingly, algorithntis are incorporated 
into the transceiver 10 to vary the output of the AGC amplifier 108 and therefore the output 
amplifier 110 and the radiated field strength of the transmission antenna 54 in. response to the 
5 detector circuitry 46 DC voltage feedback. This feedback may be used to control both the 
tuning of the transmission antenna 64 resonance and the transmission power of the 
transmission antenna 64. 

The duty cycle is measured at train time, this is used to calculate the needed 
transmission power level. This valve is stored in nonvolatile memory (NVM) in the 
10 microprocessor 36. Radiated field measurements were previously taken (during the product 
development of the transceiver 10) to characterize the exact relationship between detector 46 
voltage and field strength. This information is loaded into the power level control algorithm 
and is used to calculate detector 46 target voltages based on the duty cycle of the desired 
signal. 

15 In op^ation, when the transceiver 10 is activated, a target detector 46 voltage is 

recovered fi-om the NVM and loaded into the power level control routine. Once the antenna 

^ is tuned, the power level control routine adjusts the AGC control voltage until the detector 46 

J voltage is equal to the target voltage. Ongoing monitoring of the detector 46 voltage ensures 
that the field strengtii remains constant. Thus, since the detector 46 output voltage is 

20 accurate, the ou^ut field strength is always kept very close to optimum output field strength 
over process, temperature and various load. 

In a first example, where the duty cycle of an original transmitter will allow the 
increase in output of the transmission antenna 54, the AGC 108 will increase the voltage it 
apphes to the output amplifier. The AGC 108 will be controlled by algorithms in the 

25 microprocessor 36 via the digital to analog converter 94 to increase the transmission antenna 
54 output. The algorithms will calculate, according to FCC regulations, the maximum output 
power allowed and then monitor and control the ouQ3ut power on the transmission antenna 54 
with feedback provided by the detector circuitry 46. 

In a second example, where the transmission output power setpoint for the 

30 transmission antenna 54 has been affected by the problematic IC transmission factors detailed 
above, the transceiver 10 of the present invention may compensate. The detector circuitry 46 

10 
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will provide feedback which is used by the microprocessor 36 and its associated algorithms 
to increase or decrease the output power of the transmission antenna 54 to the setpoint 
needed. 

As seen from the two examples, the detector circuitry 46, in combination with the rest 
5 of the transceiver 10 circuitry, provides an accurate measure of the transmission power of the 
transmission antenna 54. By providing this feedback, the transceiver 10 may take advantage 
of FCC regulations to increase ou^ut power for original remote transmitters which have low 
duty cycles and compensate for other factors which might adversely affect the transmission 
power of the transceiver 1 0. 
f' 10 The software/algorithms described above will now be detailed with reference to FIGS 

C'l 6-9. The algorithms used in the present invention include: a training algorithm which 
7' incorporates antenna tuning and power level adjustment; a coarse antenna tuning routine 
t which roughly tunes the transmission antenna 54; a fine tuning or "on the fly" tuning routine 

which improves upon the transmission antenna 54 tuning of the coarse tuning routine; and a 
15 transmit power level control routine which varies the power ouQ)ut of the transmission 
^ antenna 54. 

f -1 Referring to FIG. 6, the training routine 150 will now be described. The training 

^ ■ routine 150 teaches the transceiver 10 of the present invention the radio frequency, 
modulation scheme, and data code for an original portable remote transmitter associated with 
20 an existing receiving unit. Starting at block 120, the operator initiates the trdning sequence at 
the user interface and, at the same time, the operator initiates the transmit fimction of the 
existing portable transmitter. The transceiver 10 will detect the frequency of the transmission 
on receiving antenna 52. Next at block 122, based on the frequency, the FCC power limit for 
continuous wave (CW) mode will be retrieved from the NVM. As discussed previously, the 
25 FCC limits transmission power with respect to duty cycle. Continuing to Blocks 124-134, the 
routine 150 will determine if the data code is for a specific existing portable transmitter and 
set the duty cycle. At block 124, if the transmitted information is from a Genie transmitter, 
the routine 150 will advance to block 126 and the duty cycle will be set at 50%. If the 
transmitted information is not from a Genie transmitter, the routine 150 will advance to block 
30 128 which will determine if the transmitted data is rolling code with blank alternative code 
word (BACW). By definition, rolling code routines change the data being fransmitted to a 
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receiver, thus varying the duty cycle. If the transmitted data is rolling code Vidth B ACW, the 
routine 150 will advance to block 130 which will set the duty cycle to approximately 30%. 
The longest duty cycle for rolhng code with BACW has been empirically detemined to be 
approximately 30%, thus approximately 30% is the worst case. If the transmitted information 
5 is not rolUng code with BACW, block 132 will determine if the transmitted data is rolling 
code without BACW. If the transmitted data is rolling code without BACW, the routine will 
advance to block 134 which will set the duty cycle to 53%. The longest duty cycle for rolling 
code without BACW has been empirically determined to be 53%, thus 53% is the worst case. 
If the transmitted information is not rolling code without BACW the routine 150 will 
10 advance to block 136. Block 136 will then calculate the duty cycle based on the bit pattem 
trained. 

r I After the duty cycle is determined, the routine 150 will advance to block 138 where 

the duty cycle is inverted and multiphed by the previously retrieved FCC power limit for the 
frequency of transmission. For example, a 50% duty cycle will enable the transceiver to 
f : 15 transmit at twice the power level for a continuous wave transmission having the same 
f frequency. After this power level has been determined, the program advances to block 140, 

where the power level is stored in NVM. 

The routine 150 will then advance to a coarse antemia tuning block/routine 1 42 and a 
fine antemia tuning block/routine 144 which will be described m detail below. Upon 
20 completmg the coarse 142 and fine antenna 144 tuning routines, the control parameters for 
the antemia tuning and power transmission calculations will be stored in NVM at block 148 
for retransmission. 

Referring to FIG. 7, the coarse antenna tuning routine 142 will now be described. 
The coarse antemia tunmg routme will roughly tune the antemia 54 before any transmission 

25 of data takes place. The coarse antemia tuning is perfomied each time one of the switches 12, 
14, and 16 of the user interface circuitry 36 is actuated to successfully train the transceiver 10 
or transmit data to a remote receiver. Starting at block 1 52, the VCO 40 is set to generate the 
frequency which was leamed from an existmg portable transmitter. The VCO 40 will 
stabilize the generated frequency using the frequency synthesizer control previously 

30 described. The fransceiver 10 will fiirther be put into transmit mode and the peak tune level 
will be initialized to zero. The routine 142 will then advance to block 154 where a starting 

12 
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transmission power level is read from NVM and is used to set the AGC 108. The 
transmission power level is held constant through the coarse tuning routine so that the 
detector circuit 46 output is only affected by the transmission antenna 54 tuning. Block 154 
also sets the frequency tuning of tiie transmission antenna 54 to a default value such as 310 
5 MHz in case of a hardware fault. This default level will ensure that the transmission antenna 
54 is at least roughly tuned in the event of such a hardware fault. The routine 142 will then 
advance to block 156 where the upper and lower tuning limits for the PWM output 
66/antenna tuning circuitry 42 are set. To reiterate, the PWM output 66 is the control output 
^ of the microprocessor 36 for tuning the transmission antenna 54. The antenna tuning 

10 circuitry 42 converts the PWM output to a DC voltage which is applied to the varactors 64. 
5^ Continuing to block 158, the voltage output from the antenna tuning circuitry 42 is ramped 
iq> via the change in the output of the PWM output 66 which is controlled by the 
i ^ microprocessor 36. 

In block 160 &e output of the detector circuit 46 is compared to the noise level. If the 
1 5 output of the detector circuit 46 is greater than the noise floor, then the interrupts are disabled 
and sampling speed is incre^ed in block 164. If the opposite is true the routine 142 will 
advance to block 162 where the frequency will be checked and then corrected, an led will 
" ^ flash if needed, and the interrupts will run. Both block 1 62 and 1 64 will advance to block 1 66 

where a sample ofthe detector circuit 46 ou^ut will be taken. As previously mentioned, the 
20 detector circuit 46 voltage output is directly related to the RF voltage or power level 
trai^mitted by the transmission antenna 54. 

Block 168 determines if the sampled detector circuit 46 output is greater than the 
peak power sample. The peak power sample is the detector circuit 46 output sample of 
greatest magnitude which has been measured during this coarse tuning routine 142. If the 
25 sampled detector circuit 46 output is greater than the peak power sample, this latest sampl«i 
detector circuit 46 output now becomes the peak power sample and is saved, as seen in 
blocks 170 and 172. If the sampled detector circuit 46 output is not greater than the peak 
power sample, the routine will return to block 158 and continue to ramp the antenna tuning 
circuitry 42 output voltage. The routine 142 will also continue to test if the latest detector 
30 circuit 46 output is greater than the peak power sample until the antenna voltage is finished 
ramping, as seen in block 174. Block 174 verifies that the ramping of the antenna circuitry 
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42 output voltage is finished and the routine 142 then advances to block 176 which 
determines if the ramping of the antenna circuitry 42 output voltage has been ramped up and 
down. If the antenna circuitry 42 voltage has not been ramped in both directions, then the 
ramp direction will be changed at block 178 and the routine 142 will return to block 158 to 
5 execute the ramping blocks again. 

Continuing to block 180, the PWM output 66/antenna circuitry 42 output voltage 
will be examined to see if its value is too low. As described above, the PWM output 66 
signal is converted to a DC voltage value by the antenna circuitry 42 to bias the varactor 
diodes 64. A low antenna circuitry 42 output voltage may occur as a result of circuit failure. 
Ej 10 If the value is to low, a default PWM output 66/antenna circuitry 42 output voltage will be 
E *' loaded at block 182. If the value is not to low, the routine 142 will advance to block 184 
\ i where the peak timing point for the antenna 54 will be calculated. 

y I In the next block 186, the detector circuit 46 output voltage is examined to see if its 

^ value is too low. Block 1 86 double checks the detector circuit 46 feedback and determines if 
; 15 tiiere is a detector circuit 46 failure or total tuning failure. If the value is too low, a defiault 
P J PWM ouQjut 66/antenna circuitry 42 ouQ)ut voltage will be loaded at block 188. 

Continuing to block 190 the PWM output 66/antenna circuitry output 42 is set and 
f.i output to the varactor diodes 64 and the transmission power level or gain on the AGC 108 is 

set. The routine 142 then waits for the AGC 108 to ramp up and the toansmission antenna 54 
20 tuning voltages to finalize. Then trMismission antenna 54 is then coarse tuned. 

While the coarse tuning routine 142 is executed prior to any transmission, the fine 
tuning routine 144 is executed while the transceiver 10 is transmitting. The fine tuning 
routine 144 improves upon the tuning of the coarse tuning routine 142 to better tune the 
transmission antenna 54 for a particular transmission fi-equency. The fine tuning routine 144 
25 uses smaller increments for the PWM output 66 and therefore has better resolution which 
leads to improved tuning for the transmission antenna 46. Beginning at block 200, the fine 
tuning routine 144 sets the antenna tuning point or PWM ou^ut 66 to a certain number of 
counts below the previously calculated coarse tuning counts which correspond to the peak 
power sample (generated by the detector circuit 46 output). A count is defined as the duty 
30 cycle factor for the PWM output 66. The tuning will stop when the routine reaches a certain 
number of counts above the coarse peak. At block 202, data will be transmitted in the 
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background on the transmission antenna 54. The detector circuit 46 output voltage will then 
be sampled at block 204. The following blocks 206 and 208 are similar to blocks 168 and 
170 in the coarse tuning routine 142. In block 206, the sampled detector circuit 46 output 
voltage will be compared to a peak sample. If the sampled detector circuit 46 output is 
5 greater than the peak power sample, this latest sampled detector circuit 46 output is saved as 
the latest peak power sample. Continuing to blocks 210 and 212, four samples will be taken. 
Next at block 214 the routine 144 will check if it has reached the upper bound of counts over 
the coarse value. If the routine 144 has not reached the upper bound, then the routine 144 
will return to block 202 and repeat the sampling blocks. If the upper bound has been 
rj 10 reached, then the routine 144 will continue to block 216 and set the antenna tuning point or 
PWM output 66 to the peak value, fmishing the fine tuning routine 144. 

FIGS 10-11 illustrate the PWM output 66/anteima circuitry 42 output voltage and 
detector circuit 46 output voltage vs. time. As can be seen from the figures the antenna boost 
-^^ voltage or antenna circuitry 42 output voltage varies tiie power output of the transmission 
- 15 antenna 54. The detector circuit 46 output voltage is directly related to the power output of 
the transmission anterma 54. Referring to FIG. 1 1, the sweeping action of the anterma boost 
2 * voltage varies the detector circuitry 46 output. The peak resonance points of the transmission 

p j antenna 54 may be determined by the peaks in the detector circuitry 46 output. 

The coarse tuning 142 and fine tuning 144 routines are executed once at the beginning 
20 of each action by the vehicle operator. The following transmit power level control routine 
218 is continuously executed upon the completion of the coarse 142 and fine 144 tuning 
routines. The transmit power level control routine 218 controls the output power of the 
transmission antemia 54 with reference to the duty cycle calculation and environmental 
variables. Begiiming at block 220, the output for the PWM output 66 and its corresponding 
25 target peak power level for the specific remote transmitter model format being used is loaded 
fix>m NVM and the peak power is set to zero. This stored target peak power level gives the 
power level control routine 218 a starting point in the feedback loop to improve the response 
of the feedback loop. Continuing to block 222, data is transmitted on transmission antenna 
54. Next at block 224, the detector circuit 46 output is sampled. At block 226 the current 
30 sampled detector circuit 46 output is compared to a stored peak power value. If the current 
sampled detector circuit 46 output is greater than the peak power value, then the current 
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sampled detector circuit 46 output is stored as the new peak power value and the PWM 
output 92 counts is also stored. As previously discussed, the PWM output 92 is the 
microprocessor control output for changing the power of the transmission for transmission 
antenna 54. The PWM output 92 is coupled to the D/A converter 94 which controls the gsaa 
5 ontheAGClOS. 

If the current sampled detector circuit 46 output is less tiian the peak power value 
then the routine 218 continues to block 230 to determine if sixteen samples have been taken. 
If sixteen samples have not been taken, the routine 218 will return to block 222 and continue 
to take samples. If sixteen samples have been taken, the routine will continue to blocks 232- 
^ 10 238 where the PWM output 92 counts will be adjusted with reference to the detector circuit 
;i 46 output sample. At block 232, the routine 218 will determine if the PWM output 92 is 

p f greater than eight counts from the previously loaded corresponding target power level. If the 
; sample is greater than eight coimts from the target power level, than the PWM output 92 will 

Mi 

s be adjusted by two counts. If the sample is not greater than ei^t counts from the target 

f ' 

r 15 power level, then block 236 will determine if the PWM output 92 is greater than four counts 
* from the target power level. If the sample is greater than four coimts from the target power 

1^ level, then the PWM output 92, will be adjusted by one count. If the sample is not greater 

■ than four counts from the target power level, then the PWM output 92 which controls the 

AGC 108 will be set. The AGC 108, as previously discussed, controls the RF voltage or 
20 transmission power of the transmission antenna 54. Finally, at block 242, a delay is 

incorporated to allow the AGC 108 to ramp up and reach its final value. The transmit power 

level routme will then execute continuously while an operator is actuating the user interface 

34 of the transceiver. 

It is to be imderstood that the invention is not limited to the exact construction 
25 illusfrated and described above, but that various changes may be made if not thereby 
departing from the scope of the invention as defined in the following claims. 
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CLAIMS 

1. A transmitter for transmitting a device activation signal or other data, for 
remotely actuating a device, the device activation signal having an RF carrier frequency and 
a power level, said transmitter comprising: 

a controller operable in an operating mode or providing a tune level signal that 
identifies the RF carrier frequency of the device activation signal; 

a signal generator circuit coupled to the controller for generating the device activation 
signal, such that the RF carrier frequency corresponding to the controller tune level signal is 
generated; and 

a detector circuit for detecting the power level of the device activation signal, the 
detector circuit providing the detected power level to the controller. 

2. The transmitter of Claim 1, fiirther comprising a fransmission antenna 
assembly coupled to the signal generator circuit for transmitting the device activation signal, 
transmission antenna assembly having an impedance and being tunable in response to a 
tuning signal such that the impedance of the transmission antenna assembly is controllable 
thereby controlling the power level of tiie transmitted device activation signal. 

3. The transmitter of Claim 2, wherein the controller gaierates the tuning signal 
in response to the detected power level. 

4. The transmitter of Claim 3, wherein the controller further includes an antenna 
timing module operable for tuning the impedance of the transmission antenna assembly in 
response to the detected power level of the device activation signal. 

5. Thetransmitterof Claim 4, wherein the antenna tuning module includes: 

a coarse tuning module operable to tune the transmission antenna assembly before 
applying the modulation scheme such that power level of the device activation signal is 
controlled; and 

a fine tuning module operable to tune the transmission antenna assembly over a 
limited tuning range while applying the modulation scheme. 

17 



wo 00/75905 



PCT/USOO/40159 



6. The transmitter of Claim 5, further including a prescaler coupled from the 
signal generator circuit to the controller for providing a sample of the RF carrier frequency to 
the controllCT, wherein the controller adjusts the RF carrier frequency is adjusted to a desired 
frequency. 

7. The transmitter of Claim 1, further comprising an gain circuit coupled to the 
signal generator circuit, for controlling the power level of the device activation signal, the 
gain circuit heing responsive to a gain signal. 

8. The transmitter of Claim 7, wherein flie controller generates the gain signal in 
response to the detected power level. 

9. The transmitter of Claim 1 , fiirther including a receiving antenna for receiving 
an activation signal of a remote transmitter, and 

wherein the controller further includes a training routine module operable to store 
data corresponding to the original remote transmitter activation signal for generating the 
output signal such that the device activation signal generated by the signal generator circuit 
corresponds to the activation signal of the remote transmitter. 

10. The transmitter of Claim 9, fiulher comprising a gain circuit coupled to the 
signal generator circuit for controlling the power level of the device activation signal, the 
gain circuit being responsive to a gain signal provided by the controller; 

the training routine module being fiirther operable to store a starting point 
transmission power value from which a target detector voltage is determined; and 

the controller fiirther operable to generate the gain signal in response to the target 
detector voltage and the detected power level. 
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11. A transmitter system for transmitting a device activation signal that includes 
an RF carrier frequKicy, modulation scheme, and data code for remotely actuating a device, 
comprising: 

a controller operable in an operating mode for providing an output signal that 
identifies the frequency and code of the device activation signal; 

a signal generator circuit coupled to the controller for generating the device activation 
signal such that the RF carrier frequency and data code corresponding to the controller output 
signal are generated; 

a transmission antenna assembly, being coupled to the signal generator circuit for 
transmitting the device activation signal, the transmitted activation signal having a power 
output; and 

a detector circuit for detecting a power level representative of the transmitted 
activation signal power output, the detector circuit coupled to the controller for providing the 
detected power level. 

12. The transmitter system of Claim 11, wherein the transmission antenna 
assembly is tunable in response to a tuning signal such that the impedance of the 
transmission antenna assembly is varied, whereby the power output of the transmitted 
activation signal is controllable. 

13. The transmitter system of Claim 12 wherein the controller further includes an 
antenna tuning module activable for tuning the impedance of the transmission antenna 
assembly in response to the detected power level. 

14. The transmitter system of Claim 12, fiirther comprising a gain circuit coupled 
to the signal generator circuit, for controlling the power output of the device activation 
signal, said gain circuit being responsive to a gain signal. 

15. The transmitter system of Claim 12, further comprising a gain circuit coupled 
to the signal generator circuit for controlling the power output of the device activation signal, 
the gain circuit being responsive to a gain signal provided by the controller; and 
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the controller being further operable to store a starting point transmission power value 
from which a target detector voltage is determined, the controller operable to generate the 
gain signal in response to the target detector voltage and the detected power level. 

16. The transmitter system of Claim 15, further including a receiving anteraia for 
receiving an original activation signal of an original remote transmitter associated with an 
original receiving unit, and 

wherein the controller further includes a training routine module operable to store 
data corresponding to the original remote transmitter activation signal for generating the 
output signal, such that the controller output signal coiresponds to the original activation 
signal. 

17. The transmitter system of Claim 16, further comprising a user interface and 
wherein the signal generator circuit includes a voltage controlled oscillator. 

18. A method of transmitting a device activation signal for remotely actuating a 
device, the device activation signal having an RF carrier frequency and a power level, 
comprising the steps of: 

providing a transmission antenna assembly having a tunable impedance; 
generating the RF carrier frequency; 

generating an antenna assembly tuning signal for controlling the antenna assembly 
impedance; 

transmitting the device activation signal; 
detecting the activation signal power level; and 

adjusting the antenna assembly tuning signal in response to the detected activation 
signal power level. 

1 9. The method of Claim 1 8 further comprising the steps of: 
storing a starting point transmission power value; 

determining a target detector voltage based on the starting point transmission power 

value; 
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comparing the detected activation signal power level to the target detector voltage; 

generating a power level control signal for controlling the power level of the device 
activation signal; and 

adjusting the power level control signal such that the detected activation signal power 
level approximately corresponds to the target detector voltage. 

20. The method of Claim 18 wherein the step of generating the RF carrier 
frequency further comprises the steps of: 

generating a time level signal for controlling the RF carrier frequency; 
generating the RF carrier frequency in response to the time level signal; 
sensing the RF carrier frequency; and 

adjusting the tune level signal in response to the sensed RF carrier frequency. 

21. A transmitter for transmitting a device activation signal or other data, for 
remotely actuating a device, flie device activation signal having an RF carrier frequency and a 
phase shift, said transmitter comprising: 

a controller operable in an operating mode or providing a tune level signal that 
identifies the RF carrier frequency of the device activation signal; 

a signal generator circuit coupled to the controller for generating the device activation 
signal, such that the RF carrier frequency corresponding to the controller tune level signal is 
generated; and 

a detector circuit for detecting the phase shift of the device activation signal, tiie 
detector circuit providing the detected phase shift to the confroller. 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I HEREBY DECLARE: 

THAT my residence, post office address, and citizenship are as stated below next to my 

name; 

THAT I believe I am the original, first, and sole inventor (if only one inventor is named 
below) or an original, first, and joint inventor (if plural inventors are named below or in an 
attached Declaration) of the subject matter which is claimed and for which a patent is sought on 

the invention entitled 

TRANSCEIVER WITH CLOSED LOOP CONTROL OF ANTENNA TUNING AND POWER LEVEL 



(Attorney Docket No. 026032-3873) 

the specification of which (check one) 

is attached hereto. 

X was filed on December 6, 2001 as United States Application Number 

or PCT International Application Number 10/009236 . 



THAT I do not know and do not believe that the same invention was ever known or used 
by others in the United States of America, or was patented or described in any printed 
publication in any country, before I (we) invented it; 

THAT I do not know and do not believe that the same invention was patented or 
described in any printed publication in any country, or in public use or on sale In the United 
States of America, for more than one year prior to the filing date of this United States 
application; 

THAT I do not know and do not believe that the same invention was first patented or 
made the subject of an inventor's certificate that Issued in any country foreign to the United 
States of America before the filing date of this United States application if the foreign application 
was filed by me (us), or by my (our) legal representatives or assigns, more than twelve months 
(six months for design patents) prior to the filing date of this United States application; 

THAT I have reviewed and understand the contents of the above-identified specification, 
including the claim(s), as amended by any amendment specifically referred to above; 

THAT I believe that the above-identified specification contains a written description of 
the invention, and of the manner and process of making and using it, in such full, clear, concise, 
and exact terms as to enable any person skilled in the art to which it pertains, or with which it is 
most nearly connected, to make and use the invention, and sets forth the best mode 
contemplated by me of carrying out the invention; and 

THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, §1 .56. 
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I HEREBY CLAIM foreign priority benefits under Title 35, United States Code §1 19{a)-(d) 
or § 365(b) of any foreign application(s) for patent or inventor's certificate, or §365(a) of any 
PCT international application which designated at least one country other than the United States 
of America, listed below and have also identified below any foreign application for patent or 
inventor's certificate or of any PCT international application having a filing date before that of the 
application on which priority is claimed. 



Prior Foreign 
Application Number 


Country 


Foreign Filing Date 


Priority 
Claimed? 


Certified 

Copy 
Attached? 

































I HEREBY CLAIM the benefit under Title 35, United States Code § 1 19(e) of any United 
States provisional appiication(s) listed below. 



U.S. Provisional Application Number 


Filing Date 


60/1 37,860 


June 7, 1999 











I HEREBY CLAIM the benefit under Title 35, United States Code, §120 of any United 
States application(s), or § 365(c) of any PCT international application designating the United 
States of America, listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International application in the 
manner provided by the first paragraph of Title 35, United States Code, § 1 12, I acknowledge 
the duty to disclose information which is material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1 .56 which became available between the filing date of the prior 
application and the national or PCT international filing date of this application. 



U.S. Parent 
Application Number 


PCT Parent 
Application Number 


Parent 
Filing Date 


Parent 
Patent Number 



























I HEREBY APPOINT the following registered attorneys and agents of the law firm of 
FOLEY & LARDNER: 



SCOTT D. ANDERSON 


Reg. 


No. 


46,521 


RUSSELL J. BARRON 


Reg. 


No. 


29,JJ_2 


DAVID J. BATES 


Reg. 


No. 




STEVEN C. BECKER 


Reg. 


No. 




EDWARD W. BROWN 


Reg. 


No. 


22,022 


CHARLES G. CARTER 


Reg. 


No. 


35,033 


ALISTAIR K. CHAN 


Reg. 


No. 




JOHN C. COOPER III 


Reg. 


No. 


26.416 
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JEFFREY N. COSTAKOS 
WILLIAM J. DICK 
BARRY L. GROSSMAN 
JEFFREY S. GUNDERSEN 
PAUL S. HUNTER 
JOHN M. LAZARUS 
KENNETH G. LEMKE 
KEITH D. LINDENBAUM 
DAVID G. LUETTGEN 
RICHARD J. MC KENNA 
JAMES G. MORROW 
JASON E. PAULS 
TODD A. RATHE 
MICHAEL D. RECHTIN 
MARCUS W. SPROW 
M. REED STAHELI 
CHRISTOPHER M. TUROSKI 
JOHN A. VANOPHEM 
JAMES A. WILKE 
JOSEPH N. ZIEBERT 
WALTER E. ZIMMERMAN 



Reg. No. 34,144 

Reg. No. "SI^IOB 

Reg. No. 30,844' 

Reg. No. " ^TjbTb^ 

Reg. No. 44,787 

Reg. No. " gC367 

Reg. No. 47^^:6 

Reg. No. 40^65 

Reg. No. 39^282 

Reg. No. 35,610 

Reg. No. 32,505 

Reg. No. ~4^^^ 

Reg. No. 385m 

Reg. No. 30J28. 

Reg. No. _48,580 

Reg. No. 477959_ 

Reg. No. 44^456 

Reg. No. j87646 

Reg. No. 34,22a 

Reg. No. 35,421 

Reg. No. 40,883 



to have full power to prosecute this application and any continuations, divisions, reissues, and 
reexaminations thereof, to receive the patent, and to transact all business in the United States 
Patent and Trademark Office connected therewith. 

I request that all correspondence be directed to: 



I UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed by me 
to prosecute this application do not personally represent me or my legal interests, but instead 
represent the Interests of the legal owner(s) of the invention described in this application. 

I FURTHER DECLARE THAT all statements made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Steven C. Becke r 
FOLEY & LARDNER 
_firstarXfliiter 
77 7 East Wisconsin Aven ue 
Milwaukee, Wisconsin 53202-5 367 



Telephone: 
Facsimile: 



(414) 297-5571 
(414) 297-4900 
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Name of first inventor 

Residence 

Citizensfiip 

Post Office Address 

Inventor's signature 

Date 

Name of second inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 

Name of third inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 

Name of fourth inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 



David_aiLAKeR' 



Holland, Mi 49423 



■ 240 C ost 19LII Oi l Bdl ^ 5"5"7 Bi^y Ave, (DW 
Holland, Ml 49423 



Matthew CARDWELL 



JHolland, Ml 49423 



5356 144th Avenue 
Holland, Ml 49423 



Paul DUCKWORTH 



Holland, Ml 49424 



224 1 59th Avenue 
Holland, Ml 49424 



Brian HONECK 



Holland, Ml 49424 



13034 Blueberry Lane 
Holland, Ml 49424 



001.1148635.1 
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Name of first inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 

Name of second inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 

Name of third inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 

Name of fourth inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 



David BLAKER 



Holland, Ml 49423 



Holland, Ml 49423 



cm 



Matthew CARDWELL 



Holland, Ml 49423 



5356 144th Avenue 
Holland, Ml 49423 



Pau l DUCKWORTH 



rMI 40424 - ^la^a^^ //^ 4^f^n 



^ad-Q' irh'l(di^(y l^u-e- 
J 49424-^ g/A^; fM 4^^^ 



nd^ 49424-^ g/^M^ 

^ /pril iqj 



Brian HONECK 



Holland, Mi 49424 



1 3034 Blueberry Lane 
Holland, Ml 49424 
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